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Abstract 
Based on the Bureau of Labour and Statistics (BLS) employment projections, more and more technology-driven jobs will be 
created and, therefore, demand for highly-skilled technologically-trained professionals will increase. What is being done in the 
United States (US) to ensure a steady flow in the dwindling pipeline of Science, Technology, Engineering and Mathematics 
(STEM) workforce? The US has a number of initiatives along this line. The National Science Foundation (NSF) has some 
programs to guarantee an increase in number of STEM-trained graduates.  Texas Woman's University recently received an award 
from NSF with the aim of increasing STEM majors and graduating them in a timely manner. This paper hypothesizes that these 
federal grants, which focus on both financial and academic support, do increase the probability of graduating STEM majors, 
improve completion rate in the STEM-related fields, and, therefore, contribute to the goal of encouraging citizens to be highly 
innovative in a technologically-competitive world.  
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1. Introduction 
  
The Bureau of Labour and Statistics (BLS) has projected a steady increase in demand for Science, Technology, 
Engineering and Mathematics (STEM) trained graduates. As a result, there is a great sense of urgency in motivating 
college students to finish STEM-related degrees. The United States' National Science Foundation (NSF) has recently 
awarded many colleges and universities grants to give scholarships to students who are talented but financially-
needy. Texas Woman's University (TWU) is one of these tertiary schools. These grants provide financial and 
mentoring support to STEM majors with the aim of degree completion and even continuing in STEM-related fields 
at the graduate level. To assess the effectiveness of the scholarship program, there must be a set of measurable 
variables that can be tracked per semester and per year. Examples of such variables are retention and graduation 
rates. Astin in his 2005 article cautioned that care must be taken when looking at such numbers especially degree 
completion rates. Researchers must take into account demographics and intrinsic/extrinsic factors affecting the 
 
* Corresponding author. Tel.: +0-940-898-2168; fax: +0-940-898-2179. 
E-mail address: jnavarramadsen@mail.twu.edu. 
1877-0428 © 2010 Published by Elsevier Ltd.
doi:10.1016/j.sbspro.2010.12.063
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
Junalyn Navarra-Madsen et al. / Procedia Social and Behavioral Sciences 8 (2010) 458–464 459
 
 
overall characteristics of each entering cohort that STEM scholars belong to.  We define the following terms in the 
context they are used in this paper: 
 
Cohort - Individuals with similar characteristics who are grouped for research purposes. Once identified for a 
cohort, individuals remain in the group unless they meet the study design’s criteria for exclusion. In the case of the 
freshman cohort for persistence rates, students remain in the cohort unless they leave school to serve in the armed 
service of the U.S. government. Other factors, such as withdrawing from school, transfer to another institution, or a 
change in programs of study, do not take a student out of the cohort. 
 
Attrition Rate - Reported as a percentage, the portion of students in a cohort who do not graduate or re-enroll in the 
fall of the following year. This percentage is the difference between the retention rate and 100.00. 
 
Retention Rate - Reported as a percentage, the portion of students in a cohort who re-enroll in the fall of the 
following year until completion or graduation from an institution within six years. 
 
Persistence Rate - See Retention Rate. 
 
Graduation Rate - Reported as a percentage, the portion of students in a cohort who graduate within certain periods 
of time such as after 3 years, after 4 years, after 5 years, etc. 
 
The Office of Institutional Research collects data of entering freshmen and transfer students. These institutional data 
are going to provide the "baseline" for the kind of cohort STEM scholars belong to (Figure 1). These institutional 
data are collated to help measure the following: 
 
1. To compare STEM scholars and STEM majors’ cumulative grade point averages;  
2. To compare STEM scholars and STEM majors’ retention and graduation rates;  and 
3. To evaluate overall impact of financial and mentoring support on STEM scholars success rate.  
  
2. Methodology 
 
In September 2008, TWU received an NSF award (NSF #0806963, “Scholarships for Undergraduates: Focus on 
Computational Biology”) with the purpose of providing scholarships to talented but financially-needy STEM 
majors. The main objectives of the program are: to recruit, retain and graduate these students on time. One main 
measure of success of this project is the percentage of students pursuing graduate work after graduation. Scholars 
answer surveys, questionnaires and are individually interviewed by the program directors.  Institutional data such as 
grades in STEM courses and GPA were also used. 
 
 
 
 
Figure 1: STEM scholars are first of all STEM majors and that they belong to a cohort  
of entering freshmen with certain characteristics unique only to the cohort 
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Description of sample:  Texas Woman’s University student groups used for comparing success in this study 
included: (1) STEM scholars; (2) undergraduate majors in Biochemistry, Biology. Chemistry, Computer Science 
and Mathematics; and (3) TWU aggregate data on all undergraduates.  The TWU STEM scholars cohort was 
determined from STEM majors funded through the program; individual major lists were extracted from the TWU 
database; and the TWU undergraduate data was extracted from the TWU Fact Book and Academic Program 
Reviews. In all cases, identifying information for individual students (name) was removed prior to analysis and this 
study received approval from the TWU Institutional Review Board.  TWU STEM scholars were not excluded from 
the STEM major cohort.  Sex, age and ethnic distributions were determined for each group of students. The 
percentage of minorities in each group was calculated by adding the percentages of students who were US citizens 
or residents identifying themselves as primarily African American, Hispanic, Asian American or American 
Indian/Pacific Islander.  
 
Grade point average analysis:  One measure of student success is grade point average (GPA).  TWU uses a four 
point scale to calculate GPA and replaces prior grades in the case of repeated classes.  For the TWU STEM scholars, 
the current student cumulative GPA (n = 18) was used or the graduating cumulative GPA was used for student who 
had already graduated (n = 15).  For individual majors, a list of all students enrolled in Fall 2009 was generated and 
cumulative GPAs for these students were averaged.  TWU aggregate data for all undergraduates was extracted from 
publically available statistics.  In each case, data were broken out by academic class (based on the number of credit 
hours earned) and combined for a total average GPA for all classes within the STEM scholars, individual majors and 
all TWU undergraduates.  Differences among groups were determined by analysis of variance (ANOVA) and least 
significant difference (LSD) post-hoc tests (SPSS, Chicago, IL). 
 
Graduation and retention rate analysis:  Two measures were used to assess student success as defined by achieving 
a degree: (1) average time for degree completion; and (2) the percentage of students who graduated within six (for 
first time in college freshmen) or four (for transfer students) years.  The time to degree and graduation rates were 
determined for all STEM scholars who had graduated by Spring 2010, based on their first semester at TWU and the 
semester they graduated, for both first time in college (FTIC) freshman and students transferring to TWU.  Data for 
STEM department majors and all TWU undergraduates were extracted from TWU publications. Because STEM 
fields are often difficult majors, the retention rate was also assessed as a measure of student success.  Here, data 
were extracted from TWU publications. Note that TWU collects data for graduation and retention rates based on 
academic departments rather than specific major and that several departments offer multiple undergraduate major 
tracks. 
 
3. Findings 
 
The goal of this work was to assess the success of the TWU STEM program using data that are readily quantifiable.  
This approach provides a quick analysis of scholar success that can be used as one indicator of scholarship program 
efficacy.  The findings of this study were mainly based on the data gathered for two years of NSF grant funding, 
2008-2010. We describe the results as follows: 
3.1 S-STEM scholarship recipients are demographically similar to TWU students and students in STEM majors 
We first assessed whether the demographics of the cohort of students receiving TWU STEM scholarships differed 
from the overall undergraduate population or students in majoring in STEM majors at TWU.   For this analysis, 
students enrolled in Fall 2009 were used, and STEM fields included majors in Biochemistry, Biology, Chemistry, 
Computer Science and Mathematics.  The TWU STEM sample was 73% female and 36% underrepresented groups 
with an average age of 26 (Table 1).  Students in individual majors had a sex distribution that ranged from 63% to 
89% female.  The sex distribution for all students involved in STEM education was slightly lower than the overall 
proportion of females at TWU (92%, Table 1).  Traditional minorities constituted between 41% (Mathematics) and 
68% (Chemistry).  The overall minority representation at TWU is 49%.  The average age of students in individual 
majors ranges from 23 (Biology) to 28 (Mathematics), and the average age for all TWU students was 29, slightly 
higher than each of the other analyzed groups (Table 1).  Thus, the TWU STEM cohort roughly reflects the 
demographics seen in individual majors and the overall TWU cohort.   
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3.2 Cumulative grade point averages for STEM majors and STEM scholars 
The main goal of this study was to determine whether receiving financial, academic and social support through the 
STEM scholars program improves student academic performance.  One way to measure this is to compare 
numerical indicators of student success.  Here, we investigated whether funded STEM scholars perform significantly 
better in undergraduate work compared to other students in similar majors and to all students enrolled in the 
institution.  In this analysis we used the current cumulative GPA for each student or the GPA for their last semester 
of involvement for STEM scholars program who had graduated or left the program for some other reason.  In 
comparing students for different classes, no significant differences were observed for freshman and sophomores 
(Table 2).  For undergraduate juniors, students funded by the TWU STEM scholars program had significantly higher 
cumulative GPAs than all students majoring in Biology, Chemistry or Mathematics.  At the senior level, STEM 
scholars had significantly higher GPAs compared to students majoring in Biology, Computer Science or 
Mathematics.  If all classes are combined, STEM scholars had significantly higher GPAs than students pursuing any 
of the STEM majors we analyzed (Table 2).  Additionally, STEM scholar GPAs were higher than the reported 
composite GPA for all TWU undergraduates (Table 1).  These data indicate that STEM support may improve 
student academic performance as measured by grades achieved in coursework. 
 
Table 2: Cumulative Grade Point Average for STEM scholars and STEM departments 
*significant difference at p < 0.05 (ANOVA with LSD post-hoc), compared to S-STEM Scholars 
 
Table 1: Demographics of the sample 
 
 Demographics 
 Sex Race/Ethnicity Avg. Age 
Major F M White Afr. 
Am. 
Hisp. Asian 
Am. 
Am. 
Ind. 
Inter. Other  
S-STEM 
Scholars 
24 
(73%) 
9 
(27%) 
21 
(64%) 
4 
(12%) 
5 
(15%) 
2 
(6%) 
1 
(3%) 
0 0 26 
Biochemistry 24 
(83%) 
5 
(17%) 
13 
(45%) 
6 
(21%) 
3 
(10%) 
5 
(17%) 
0 2 
(7%) 
0 24 
Biology 294 
(89%) 
38 
(11%) 
114 
(34%) 
87 
(26%) 
69 
(21%) 
49 
(15%) 
2 
(1%) 
8 
(2%) 
3 
(1%) 
23 
Chemistry 47 
(87%) 
7 
(13%) 
18 
(33%) 
10 
(19%) 
13 
(24%) 
11 
(20%) 
1 
(2%) 
0 
 
1 
(2%) 
24 
Computer 
Science 
19 
(63%) 
11 
(37%) 
9 
(30%) 
8 
(27%) 
8 
(27%) 
2 
(7%) 
1 
(3%) 
1 
(3%) 
1 
(3%) 
28 
Mathematics  83 
(86%) 
14 
(14%) 
58 
(60%) 
17 
(18%) 
21 
(22%) 
1 
(1%) 
0 0 0 28 
All TWU 7,182 
(92%) 
655 
(8%) 
3,916 
(50%) 
1,622 
(21%) 
1,466 
(19%) 
619 
(7.9%) 
68 
(1%) 
129 
(2%) 
17 
(0.2%) 
29 
 GPAs 
 Freshman Sophomore Junior Senior All Classes 
Major Avg±SEM (n) Avg±SEM (n) Avg±SEM (n) Avg±SEM (n) Avg±SEM (n) 
S-STEM 
Scholars 
3.18±0.21 3 3.34±0.17 5 3.66±0.10 7 3.58±0.09 18 3.52±0.06 33 
Biochemistry 3.73±0.17 2 2.73±0.26 5 3.25±0.16 10 3.35±0.12 12 3.23±0.10* 29 
Biology 2.34±0.13 67 2.96±0.06 95 3.07±0.06* 72 3.08±0.04* 98 2.89±0.04* 332 
Chemistry 2.81±0.26 14 2.94±0.18 14 3.04±0.11* 10 3.47±0.12 16 3.08±0.10* 54 
Computer 
Science 
2.79±0.23 7 2.91±0.18 7 3.28±.013 9 2.96±0.20* 7 3.00±0.09* 30 
Mathematics  3.38±0.16 15 3.08±0.15 18 3.20±0.10* 31 3.26±0.08* 33 3.23±0.06* 97 
TWU         3.29  
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3.3 Graduation rates for STEM departments and STEM scholars 
A second measure of student academic success we assessed was whether students completed the degree and how 
fast.  The statistics we used for this analysis included the time to degree completion and the graduation rate, defined 
as the percentage of students that graduate within a specified time frame.  TWU does not track the time to degree 
completion for individual majors, so these data were not available for comparison.  In addition, the numbers TWU 
analyzes for the time to degree completion and graduation rates were reported by academic department.  Here the 
department of Chemistry included students majoring in Biochemistry and Chemistry and the Department of 
Mathematics and Computer Science included students majoring in those fields.  Thus far in the STEM program, 15 
students have completed their degrees.  For STEM students entering TWU as first time in college freshman (FTIC), 
the average time for degree completion was 4.3 years; and for students transferring to TWU from another institution, 
the average time to complete the degree was 3.1 year (Table 3).   Combining both categories of students gave an 
average time to degree completion of 3.2 years which is roughly equivalent to the numbers reported by TWU for all 
students or students in STEM departments (Table 3).  For FTIC STEM scholars 100% graduated within 6 years; for 
transfer students, 90% graduated within 4 years after transferring to TWU (Table 3).  These numbers are 
dramatically higher for FTIC STEM scholars.  For transfer students, the 4-year graduation rate for STEM scholars is 
within the range for each academic department with the exception of Biology.  From informal analysis within the 
Department of Biology, we know that there is a dramatic loss of students following their first year of coursework at 
TWU.  While the reasons behind this are partly unknown, it is suspected that students are unprepared for the content 
and rigor established in Biology courses.  If we compare student success defined as completion of the degree, these 
data indicate that a TWU STEM scholar is more successful than the overall undergraduate population at TWU 
(Table 3).  The similarity of the time to degree completion for all students in each analyzed group was very similar, 
perhaps reflecting the large population of students who transfer to TWU to continue their education after taking 
some courses at local community colleges.  
 
 
  
 
 
 
 
3.4   Retention rates for STEM departments and STEM scholars 
Based on the data presented above showing that there is some attrition from students in STEM majors, we also 
analyzed the 1-year retention rate for STEM academic departments and all TWU undergraduates.  STEM scholar 
retention was measured throughout the students’ tenure in the STEM scholars program.  Over this time, students in 
the STEM program had a 97% retention rate, indicating that nearly all students funded by this scholarship persist in 
and complete their undergraduate education (Table 4).  In comparison, the retention rate in STEM academic 
departments ranged between 40% (Biology) and 57% (Mathematics and Computer Science).  For all TWU 
undergraduate, the 1-year retention rate was 75% (Table 4).  The lower retention rate in STEM academic 
departments may reflect student frustration over difficult material or a lack of academic preparedness for rigorous 
STEM disciplines.  At this time, it is unknown whether students who leave STEM disciplines end up completing 
their degrees in non-STEM fields or whether they discontinue their college training.  While the TWU STEM 
scholars program may recruit students who are likely to persist in their majors, it is clear that students belonging to 
such a program have a much better chance of persisting in their major. 
 
Table 3: Graduation rates for STEM scholars and STEM departments 
 
 Graduation  
 FTIC Transfer All students 
Major Avg time  6 Yr Rate Avg time  4 Yr Rate Avg time 
S-STEM Scholars 4.3 yrs 100% 3.1 yrs 90% 3.2 yrs 
Biochemistry/Chemistry  0%  100% 3.1 yrs 
Biology  11%  9% 3.1 yrs 
Computer Science/Math  63%  86% 3.1 yrs 
TWU  44%  54% 3.1 yrs 
Shaded areas indicate the data were unavailable 
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4. Limitations of the Study 
 
Although this paper hypothesizes that federal grants increase the probability of graduating STEM majors, Astin’s 
exhortation toward caution when relying on numbers such as retention and degree completion rates in such a 
capacity, carries considerable weight.  We recognize that retention and degree completion are influenced by a wide 
range of variables, in addition to financial and academic support.  The value of factors such as mentoring, social 
interaction and the development of social networks have long proven important to success in academics in general. 
Thus, as per NSF requirements of external program evaluation, the STEM program at TWU has been evaluated 
since inception in order to provide feedback towards enhancing the program during implementation. The program 
directors of the STEM program at TWU have worked closely with evaluators who specialize in a “mixed methods” 
approach which incorporates both quantitative and qualitative methods in their evaluation effort.  This process uses 
a proven contemporary “system” model of program evaluation to explore the knowledge, attitudes, behaviours and 
other factors that constitutes successful completion of the STEM program at TWU.  These program evaluation 
efforts follow Patton's "utilization-focused evaluation," in which those who use the evaluation results try to look 
towards improving programmatic performance while in process. Methodologically, the evaluation uses designs 
which not only reinforce each other, but also empower program directors to fine-tune a given program to increase 
program efficacy.  A mixed-methods, utilization-focused systems approach allows researchers to obtain both 
quantifiable and qualitative data that may impact student success. While quantitative measurement of student GPA, 
graduation statistics, enrolment and retention rates provide an excellent lens through which to view the TWU STEM 
scholars program, these data require contextualization through qualitative methods in order to be more valid.  
Moreover, research from economics to social services suggests that identification of both quantitative and 
qualitative data is crucial to gaining a reality-based understanding of the true social context of programs such as 
STEM at TWU.  
 
5. Conclusion 
 
This pilot study shows that given the financial and academic support, GPAs, retention and graduation rates of STEM 
scholars are higher compared to STEM majors who are not funded. Several variables were not factored in this study 
and in drawing this conclusion.  These variables are: one-on-one scholar mentoring by STEM faculty volunteers, 
scholars' undergraduate research experiences, and organized social activities by the scholars themselves. To fully 
quantify the overall efficacy of TWU STEM scholarship program, there is a need to collect data that can measure 
the contribution of these variables.  
 
6. Future Work 
 
 National Science Foundation gender studies show a continuous decline of percentage of women in STEM tertiary 
education especially at the graduate level. This is usually labeled as “leaky pipeline”. At the bachelor’s level, nearly 
50% are women graduating in STEM fields. At the Ph.D. level, only 27% are women doctorates. TWU, as an 
institution with 92% women, is one good laboratory that can help "plug" this leak. We, the authors, intend to do a 
longitudinal study that will not only collect data similar to the data collated and analyzed in this paper but also data 
that will pinpoint factors that help women persist in STEM fields. 
 
Table 4: Retention rates for S-STEM scholars and STEM departments 
 
Major Retention (FTIC 1-year rate) 
S-STEM Scholars$ 97% 
Biochemistry/Chemistry 43% 
Biology 40% 
Computer Science/Math 57% 
TWU 75% 
$STEM scholar retention rates are over their tenure in the program 
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